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Abstract. Mixture formation of the ignition process is a key element in the diesel combustion as it 
influences the combustion process and exhaust emission. Aim of this study is to elucidate the 
effects of nozzle diameter, injection pressure and ambient temperature to the formation of spray. 
This study investigated diesel formation spray using Computational Fluid Dynamics. Multiphase 
volume of fluid (VOF) behaviour in the chamber are determined by means of transient simulation, 
Eulerian of two phases is used for implementation of mixing fuel and air. The detail behaviour of 
spray droplet diameter, spray penetration and spray breakup length was visualised using the 
ANSYS 16.1. This simulation was done in different nozzle diameter 0.12 mm and 0.2 mm 
performed at the ambient temperature 500 K and 700 K with different injection pressure 40 MPa, 
70 MPa and 140 MPa. Results show that high pressure influence droplet diameter become smaller 
and the penetration length longer with the high injection pressure apply. Smaller nozzle diameter 
gives a shorter length of the breakup. It is necessary for nozzle diameter and ambient temperature 
condition to improve the formation of spray. High injection pressure is most effective in 
improvement of formation spray under higher ambient temperature and smaller nozzle diameter.  
 
Keywords: CFD, droplet diameter, penetration length, breakup length, nozzle diameter. 
 
1. Introduction 
Fuel injected into the chamber is important to the diesel engine because it influence the performance and 
emission. During combustion, a spray is simply the introduction of liquid into a gaseous environment 
through a nozzle such that the liquid, through its interaction with the surrounding gas and by its own 
instability, breaks-up into droplets [1]. Spray characteristics is known to significantly affect the 
combustion and emission processes in diesel engines. By optimizing spray characteristics, the raw 
emissions from the diesel engine which are mainly NOx and PM can be minimized [2-4]. Investigations 
into diesel sprays characteristics have concentrated on the effect of the spray characteristic on engine 
performance such as the spray tip penetration, break-up length and droplet size and velocity distributions 
[5].The injection pressure has significant effect on spray liquid penetration [6]. The spray tip penetration 
gets longer as the injection pressure increases. This result is related to both higher quantity and higher 
velocity of the droplets at higher injection pressures [7]. Proportional to injection pressure, the spray 
penetrates faster at higher injection pressures [8]. The break-up length characterizes a point of 
discontinuity, where the spray changes from a zone of liquid (bulk liquid, or interconnected ligaments and 
droplets), to a finely atomized regime of droplets [9]. After the disintegration of the liquid column 
emerging from the nozzle, the generated droplets may further break-up into smaller ones as they move 
into the surrounding gas [10]. Development of this deformation leads to break-up into smaller droplets. 
The forces associated with dynamic pressure, surface tension and viscosity control the break-up of a drop 
[11-12]. However, CFD is a compromise tool being used to predict the critical part that cannot be done in 
experiment. In this research, the characteristics of spray diesel are investigated focusing on changing 
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ambient temperature, injection pressure with the different nozzle diameter by using Computational Fluid 
Dynamics. This simulation can capture droplet diameter, spray penetration and breakup length.  
 
2. Simulation set up 
The modeling flow chart shows in Figure 1 is the flow of simulation in ANSYS Fluent. The first stage is 
pre-processing consists of the flow problem in the simulation. Solver stage is complete the calculation of 
finite element model or solving of governing equation. Post-processing is a process of involving data 
gathering and visualization. 
 
A rapid compression machine (RCM) was used to generate the actual diesel combustion over a 
wide range of temperature, pressure and swirl velocities. Figure 2 is a schematic diagram of RCM is 
shown, together with an outline of the fuel injection system. Figure 3 shows the combustion chamber 
cross sectional drawing in 3D. The RCM has a disc type combustion chamber with a diameter of 60mm 
and width of 20mm. The design focuses on injector nozzle and spray chamber.  
 
 
The injector was modeled by using Solid Work. In this study the combustion chamber is a space 
where the spray formation occurs. The model of the injector only considered the tip of the nozzle. Figure 
4 shows the 3D model of cross sectional area of the injector tip. Figure 5 shows the sections geometry of 
the combustion chamber. It is 1/6 section from the overall geometry as there are 6 nozzles in the actual 
Figure 1. Methodology and modelling 
flow chart 
Figure 2.: Experimental setup of RCM. 
Figure 3. 3D section view of combustion 
chamber 
Nozzle hole 
Figure 4. Cross sectional model of spray 
injector. 
Pressure 
transducer 
Fuel spray 
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chamber and only 1/6 is adequate and considered sufficient for the simulation analysis. The assigned 
boundary condition was serving as the initiation and direct to the motion of the flow. Table 1 shows the 
solver setup of the simulation. The parameters that need to investigate are droplet diameter of particle, 
penetration length and breakup length. 
 
  
 
3. Result and discussion 
This analysis used two different diameters which is 0.20 mm and 0.12 mm. This simulation using several 
different ambient temperatures on 500 K and 700 K for every injection pressure simulate with 40 MPa, 70 
MPa and 140 MPa. The objective for this simulation is to investigate the different form of spray 
characteristic that influence by the nozzle diameter, ambient temperature and injection pressure of diesel 
engine. The analysis of spray characteristic of this simulation is more focus to the droplet diameter, 
penetration length and breakup length that influence from the parameter use. Grid sensitivity was tested 
on the model with different grid sizes. The grid size divided into three levels which are coarse, medium 
and fine grids. Table 2 indicates the number of elements and nodes for each group of different grid sizes.  
Besides, the number of elements is ranging from 24997 to 114555 elements. The number of elements is 
obviously directly proportional to the numbers of nodes by ascending the level of grid sizes from coarse 
to fine with also level of smoothing from low to high. 
 
 
 
 
 
 
 
Droplet diameter of the spray was being Figure 6 shows that at 40 MPa droplet diameter at 0.20 
mm and 500 K parameter show more droplet size colour red represent to a big size droplet compared to 
the 0.12 mm 700 K. The droplet distribution size of 0.12 mm and 0.2 mm are shown in the Figure 7 and 
8. As illustrated in the graphs, they show that the pattern of the distribution size of the droplet is parallel 
to each other. The higher of ambient temperature and injection pressure give the smaller droplet diameter. 
The result describe that slightly fuel injected in the chamber can cause a lower combustion. At the same 
time droplet diameter depend on the aerodynamic drag in the chamber it can affect the droplet diameter 
performed smaller when the air collision with the fuel.  
 
 
 
 
 
 
Options Type 
Multiphase 
Model Volume of Fluid 
Time Transient 
Model Viscous K-Epsilon Model 
Material Diesel Liquid 
Boundary 
Condition 
Injection Pressure = 40MPa, 70MPa, 140MPa 
Temperature Inlet = 313Kelvin 
Pressure Outlet = 1MPa 
Temperature Outlet = 500K, 700K 
Grid Sizes Number of Elements Number of Nodes 
Coarse  24997 5175 
Medium  46249 9428 
Fine 114555 22495 
Figure 5. Hollow model for the 
combustion chamber 
Table 1. Solver Setup 
Table 2. Different grid sizes with its number of elements and nodes 
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Injection pressure 
 40 MPa 70 MPa 140 MPa 
0.12 mm nozzle diameter with 500 K ambient temperature 
0.12 mm nozzle diameter with 700 K ambient temperature 
 40 MPa 70 MPa 140 MPa 
0.20 mm nozzle diameter with 500 K ambient temperature 
 
0.20 mm nozzle diameter with 700 K ambient temperature 
 
Figure 6. Spray structure of droplet diameter produced by single nozzle, with colour scale represents 
the droplet diameter. 
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As the graph illustrate the penetration length at Figure 9 and Figure 10 using different ambient 
temperature for 0.12 mm and 0.2 mm nozzle diameter constantly increase with the time taken and both 
for temperature the penetration length not give much different. This is due to the range of between 
temperatures not too big. However, the injection pressure influences the spray penetration length, where 
variant injection pressure which is 40 MPa, 70 MPa and 140 MPa with ambient pressure 1 MPa at 
atmospheric pressure. As the higher pressure injector, the longer length penetration will influence. This is 
because the spray was resisted with the ambient pressure.  
 
 
Figure 11 and 12 show the graphs of breakup length with 0.12 mm and 0.2 mm nozzle diameter. 
There is fluctuation result on the temperature 500 K, where injection pressure 140 MPa and nozzle 
diameter 0.2 mm dramatically increase from the 1 mm stood up to the 2.3 mm. This is maybe due to the 
droplet did not breakup and its getting longer, this is call as the section of ligament. Compare to the 
temperature 700 K at the 140 MPa and 0.2 mm breakup length flows steady with the time. Thus the 
temperature influences to the higher ambient temperature used, the shorter breakup length happen at the 
core segment.  
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Figure 7. Graph of droplet size distribution of 
0.12 mm 
Figure 8. Graph of droplet size distribution of 
0.2 mm 
Figure 9. Graph penetration length with 
nozzle diameter 0.12 mm 
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Figure 10. Graph penetration length with 
nozzle diameter 0.2 mm 
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4. Conclusion 
This study has shown a simulation flow of the fuel flowing in the nozzle spray before combustion. A low 
injection pressures in the chamber will disturb the breakdown of the fuel spray to a very fine droplets 
before start ignition of the fuel. A temperature change in the chamber also affects the length of the spray 
penetration. For high ambient temperatures, fuel evaporates more easily and ignites the fuel itself. Also, 
the diameter of the nozzle also affects the breakup length of the spray nozzle as influenced by the higher 
injection pressure where the breakup length is getting shorter.  
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